The non-neuronal acetylcholine system (NNAS) in endothelial cells participates in modulating endothelial function, vascular tone, angiogenesis and inflammation, thus plays a critical role in cardiovascular diseases. In this study, we used a proteomic approach to study potential downstream receptor-effectors of NNAS that were involved in regulating cellular function in endothelial cells. Methods: Human umbilical vein endothelial cells were incubated in the presence of acetylcholine, oxotremorine, pilocarpine or nicotine at the concentration of 10 μmol/L for 12 h, and the expressed proteins in the cells were separated and identified with two-dimensional electrophoresis (2-DE) and LC-MS. The protein spots with the largest changes were identified by LC-MS. Biowork software was used for database search of the peptide mass fingerprints. Results: Over 1200 polypeptides were reproducibly detected in 2-DE with a pH range of 3-10. Acetylcholine, oxotremorine, pilocarpine and nicotine treatment caused 16, 9, 8 and 9 protein spots, respectively, expressed differentially. Four protein spots were identified as destrin, FK506 binding protein 1A (FKBP1A), macrophage migration inhibitory factor (MIF) and profilin-1. Western blotting analyses showed that treatment of the cells with cholinergic agonists significantly decreased the expression of destrin, FKBP1A and MIF, and increased the expression of profilin-1. Conclusion: A set of proteins differentially expressed in endothelial cells in response to cholinergic agonists may have important implications for the downstream biological effects of NNAS.
Introduction
Endothelial cells play a critical role in regulating vascular tone, angiogenesis, and vascular intimal inflammation [1] . Endothelial dysfunction is commonly observed in patients with atherosclerosis, hypertension, chronic heart failure, and other conditions, and has been recognized as a driving force in the development of cardiovascular diseases [2, 3] . Targeting the endothelium to maintain endothelial function is considered to be a new strategy for prevention and therapy for several cardiovascular diseases [4] [5] [6] . Recently, evidence has indicated that the non-neuronal acetylcholine system (NNAS) described in endothelial cells participates in modulating the production and release of endothelial autacoids, eg, nitric oxide (NO) and prostaglandins, subsequently affecting cell function [7, 8] . It has been shown that there are also two major types of cholinergic receptors in endothelial NNAs: the non-neuronal muscarinic receptors (NNMR) and non-neuronal nicotinic receptors (NNNR) [9] . Acetylcholine, an endogenous agonist of both muscarinic receptors and nicotinic receptors, can induce endothelium-dependent vascular relaxation by enhancing the bioavailability of NO [10] . Despite that the so-called "endotheliumdependent vascular relaxation by acetylcholine" is used as a golden standard to measure endothelial function, the underlying physiological and/or pathophysiological role of NNAs in endothelial cells is still not fully understood. For example, it was well documented that stimulation of endothelial NNNRs with nicotine can induce endothelial dysfunction, vascular intimal inflammation, and accelerate atherosclerosis [11] . In contrast, treatment of the cholinergic system with acetylcholinesterase inhibitors, where the increased availability of acetylcholine stimulates two types of cholinergic receptors, significantly attenuates atherogenesis [12] . Therefore, it is unclear whether stimulation of endothelial NNAs is atherogenic or atheroprotective. Our previous studies showed that pharmacological characteristics of NNMRs were different from those of neuronal muscarinic receptors [13] . Pilocarpine, an agonist of nonselective neuronal muscarinic receptors, could not induce endothelium-dependent vascular relaxation [14] . However, another commonly studied muscarinic receptor agonist, arecoline, was able to stimulate NNMRs to produce endothelium-dependent vascular relaxation and to inhibit the development of atherosclerosis. Moreover, arecoline afforded potent protection against endothelial dysfunction induced by multiple atherogenic risk factors that contain high D-glucose and homocysteine [15] [16] [17] . The intracellular mechanism after activation of NNMRs that regulates signaling events to oppose risk factors that induce endothelial dysfunction is largely unknown. Therefore, it is essential to uncover the biological effectors after stimulation of NNAs in endothelial cells.
Proteomics is a discovery tool that allows previously unrecognized associations to be identified. It is a useful tool for studying the signal transduction mechanisms of cells and the effects of new drugs on cell function. In the present study, using two-dimensional gel electrophoresis (2-DE) and liquid chromatography/mass spectrometry (LC-MS) [18, 19] , we analyzed and identified the protein changes before and after stimulation with four different cholinergic agonists (acetylcholine bromide, oxotremorine, pilocarpine and nicotine) in cultured human umbilical vein endothelial cells (HUVECs). The four drugs used to treat the cells represent different agonists corresponding to different types of acetylcholine receptors (Table 1) . Acetylcholine is able to activate the non-neuronal nicotinic and muscarinic receptors; oxotremorine can activate the nonneuronal muscarinic receptors but not non-neuronal nicotinic receptors; pilocarpine does not have the ability to activate nonneuronal nicotinic or muscarinic receptors; nicotine is another acetylcholine receptor agonist that activates only non-neuronal nicotinic receptors. We found sixteen, eight, eight and nine proteins changed after the stimulation of endothelial cells by acetylcholine, oxotremorine, pilocarpine and nicotine. In all of these proteins, Destrin, FKBP1A, MIF and Profilin-1 may have important roles in mediating downstream biological effects after stimulation of NNAs in endothelial cells. These data will contribute to a better understanding of the signaling events that are relevant to NNAs activation.
Materials and methods

Culture of human umbilical vein cells
HUVECs were obtained from Cascade Biologics (Portland, OR, USA). Cells from the third to fourth passage were used for experiments. HUVECs were cultured in PMRI-1640 supplemented with 10% FBS and in a water-saturated atmosphere with 5% CO 2 at 37 ºC in a 75-cm 2 polystyrene culture flask. Full confluent HUVECs were digested with 0.25% trypsin for passage.
Cell treatment and protein sample preparation Four cholinergic agonists, acetylcholine bromide (ACh), oxotremorine methiodide (Oxo), pilocarpine nitrate salt (Pilo) and (-)-nicotine hydrogen tartrate salt (Nico) were all purchased from Sigma-Aldrich (St Louis, MO, USA). The cells were incubated with ACh, Oxo, Pilo, and Nico at the concentration of 10 µmol/L for 12 h. After treatment, the cells were digested with trypsin and washed three times with buffer solution (20 mmol/L Tris-HCl, pH 7.5, 250 mmol/L mannitol). After centrifugation at 1000×g at 4 ºC for 2 min, the cells were resuspended in sample lysis buffer for 1 h with shaking. Then, the supernatant was obtained after centrifugation at 10 000×g at 4 ºC for 1 h and directly applied to a 180-mm immobilized pH gradient (IPG) strip for isoelectric focusing (IEF). Protein concentration was measured with a BCA protein assay kit (Pierce, Rockford, IL, USA), and the samples were stored at -70 °C until further use.
Two-dimensional gel electrophoresis
For IEF, 300 μg of protein was mixed with a rehydration buffer containing 7 mol/L urea, 2 mol/L thiourea, 2% (w/v) CHAPS, 0.3% (w/v) DTT, and 0.5% (v/v) IPG buffer up to 450 μL total volume. This mixture was used to rehydrate the immobilized 24 cm, linear Ready-Strip TM IPG Strips (pH 3-10, GE Healthcare, Piscataway, NJ, USA) for 12 h with a constant voltage (30 V) applied across the gel strips, which were placed in the IPGphor focusing tray. The rehydrated IPG gel strips were electrophoresed at 200 V for 1 h, 500 V for 1 h, subjected to a linear voltage ramp from 1000 to 10 000 V for 1 h, and finally rapidly ramped up from 10 000 V to a total of 60 000 kVh. The maximum current was 50 μA per gel strip.
After IEF, the IPG strips were placed in sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) equilibration buffer containing 6 mol/L Urea, 75 mmol/L TrisHCl (pH 8.8), 30% glycerol, 2% SDS, 1% DTT for 15 min. This procedure was repeated with SDS-PAGE equilibration buffer with 2.5% (w/v) iodoacetamide for an additional 15 min. After equilibration, the IPG gel was transferred onto a 10% polyacrylamide gel and the second-dimension of electrophoresis (SDS-PAGE) was performed in the Ettan DALT six (GE Healthcare, USA), and performed at 1 W per gel for 1 h, followed by 15 W per gel for 5 h. Finally, silver staining of gels was performed as described previously [20] . Briefly, the gels were fixed for 30 min with 50% methanol containing 5% acetic acid. After several alternating washes of 50% methanol and water, the gels were sensitized by incubation in 0.2% sodium Gel imaging and analysis Gels were digitally scanned using a LabScan scanner. Mell files of the gel images were transferred to a Sun Workstation for analysis with ImageMaster™ 2D Platinum software. Polypeptide spots in each gel image were delineated and the total intensity of pixels within each spot (the integrated intensity) was determined by the software. The integrated intensity of each spot was then expressed as a percent of the total integrated intensity over all spots within the region of analysis of the gel. This normalizes the amount of any given polypeptide spot to the largest possible number of polypeptides, and reports abundance as a relative value within each sample. The 2-DE analysis was performed for four replicates.
Liquid chromatography-mass spectrometry (LC-MS) and database search Spots from the 2-DE gel were excised into approximately 1-mm 3 cubes, transferred into a microcentrifuge tube (Axygen, USA) and spun down on a bench-top microcentrifuge. The gel plugs were destained with 100 μL of 100 mmol/L ammonium bicarbonate/acetonitrile [1:1 (v/v)] and incubated with occasional vortexing for 30 min. After destaining, 100 μL of neat acetonitrile was added and incubated at room temperature with occasional vortexing until the gel pieces became white and shrunken. Then, gel pieces were reduced with 20 mmol/L DTT at 56 °C for 30 min and dehydrated with neat acetonitrile once before treatment with 55 mmol/L iodoacetamide in the dark for 20 min at room temperature. The gel pieces were again dehydrated with neat acetonitrile and enough trypsin buffer [approx 50 μL, 13 ng/μL trypsin in 25 mmol/L ammonium bicarbonate containing 10% (v/v) acetonitrile] was added to cover the dry pieces, allowing the buffer to be absorbed into the gel pieces at 4 °C. The trypsin buffer was replenished if the buffer was completely absorbed into the gel to keep the gel pieces from drying. The tubes containing trypsin buffer were then placed into an air circulation thermostat and incubated overnight at 37 °C. When the digestion was completed, the gel pieces were extracted with 100 μL of extraction buffer [1:2 (v/v) of 5% formic acid/acetonitrile] for 15 min at 37 °C in a shaker. The volume of extracted solution was reduced in a SpeedVac (Thermo Fisher, USA) to approximately 30 μL. The extracted solution of tryptic peptides from each of the gel pieces was analyzed by a LCQ Deca XP mass spectrometer (Thermo Electron Corp, CA, USA). Spectra of a survey scan followed by 5 CID events were recorded by mass spectrometry. The "peak list" was created automatically by the EXTRACTMS program provided in the Xcalibur software package (Bioworks v3.3). The MS 2 spectra with a total ion current (TIC) higher than 10 4 were used to search for matches against a maize protein sequence database ipi.HUMAN.v3.66. fasta (86867 entries) using the TurboSEQUEST algorithm. The search parameters were based on the TurboSEQUEST algorithm. The degree of completeness of the b-and y-ion series for each TurboSEQUEST result was manually checked for every protein identified.
Western blotting analysis
HUVECs cells treated with the four cholinergic agonists as described above were collected, and the proteins were extracted with a sample lysis buffer that includes a protease inhibitor cocktail (Roche, Germany). Protein concentration was determined with a BCA protein assay kit (Pierce, USA). Individual samples containing 20 μg of protein from the control and each agonist-treated HUVECs cells were loaded onto a 12% SDS-PAGE gel and separated by electrophoresis, and then electrophoretically transferred onto pieces of PVDF membranes for Western blotting. The membranes were blocked with 3% non-fat milk powder in TBST buffer (pH 7.6) composed of 150 mmol/L NaCl; 10 mmol/L Tris-HCl and 0.1% Tween-20 for 2 h at room temperature. Then, the membranes were incubated with specific primary antibodies against Destrin (Abcam, UK; ab95298, 1:500 dilution), FKBP1A (Thermo Scientific, USA; 1:200 dilution), Profilin-1 (Cell Signaling Technology, USA; 1:1000 dilution), or MIF (Abcam, UK; abab7207, 1:2000 dilution), in TBST (0.1% Tween-20) containing 5% nonfat milk powder overnight at 4 °C, or 1 h at room temperature. Then, membranes were washed three times with TBST buffer (0.1% Tween-20) for 5 min each and incubated with horseradish peroxidase (HRP)-conjugated secondary antibody at a dilution of 1:10 000 for 1 h at room temperature. After washing with TBST buffer, the chemiluminescence reaction in which HRP reacts with SuperSignal ® West Pico Chemiluminescent substrate (Pierce, USA) was performed to detect signals. At the same time, GAPDH was used as a loading control to verify the amount and integrity of the whole proteins.
Results
Two-dimensional protein maps of endothelial cells stimulated by cholinergic agonists
In this work, we established the 2-DE protein patterns of the control group and the endothelial cells activated by ACh, Oxo, Pilo, and Nico. More than 1200 protein spots were detected on the 2-DE gels that showed similar protein patterns with silver staining of 300 µg of total proteins. These results are representative of at least four independent experiments. A1/A2: before/after acetylcholine treatment, protein maps were stained with silver; A3: differentially expressed spots between the control and acetylcholine group, spots in A3 were visualized with Coomassie Brilliant Blue staining. The expression-changed proteins with spot numbers were identified and they are listed in Table 2 . B1/B2: before/after oxotremorine treatment, silver staining; B3: differentially expressed protein spots between control and oxotremorine, Coomassie Brilliant Blue staining. The expression-changed proteins with the spot numbers are listed in Table 3 . C1/C2: before/after pilocarpine treatment, silver staining; C3: differentially expressed protein spots between control and pilocarpine, Coomassie Brilliant Blue staining. The protein expression changes with the spot numbers were listed in Table 4 . D1/D2: before/after nicotine treatment, silver staining; D3: differentially expressed protein spots between control and nicotine, Coomassie Brilliant Blue staining. The protein expression changes with the spot numbers are listed in Table 5 . These results are representative of at least four independent experiments. A1/A2: before/after acetylcholine treatment, protein maps were stained with silver; A3: differentially expressed spots between the control and acetylcholine group, spots in A3 were visualized with Coomassie Brilliant Blue staining. The expression-changed proteins with spot numbers were identified and they are listed in Table 2 . B1/B2: before/after oxotremorine treatment, silver staining; B3: differentially expressed protein spots between control and oxotremorine, Coomassie Brilliant Blue staining. The expression-changed proteins with the spot numbers are listed in Table 3 . C1/C2: before/after pilocarpine treatment, silver staining; C3: differentially expressed protein spots between control and pilocarpine, Coomassie Brilliant Blue staining. The protein expression changes with the spot numbers were listed in Table 4 . D1/D2: before/after nicotine treatment, silver staining; D3: differentially expressed protein spots between control and nicotine, Coomassie Brilliant Blue staining. The protein expression changes with the spot numbers are listed in Table 5 . non-neuronal muscarinic receptor effects. Acetylcholine, oxotremorine, and nicotine were able to induce changes in the expression of FKBP1A, but pilocarpine could not affect it. These results suggested that FKBP1A might be related to the downstream effects of non-neuronal acetylcholine receptors. Nicotine, an agonist of non-neuronal nicotinic receptors, induced expression changes of MIF and Profilin-1 in endothelial cells. This result suggested that MIF and Profilin-1 might be the effectors of non-neuronal nicotinic receptors. However，we found two spots (spot 1 and spot 3 in Table 5 ) that were both identified as Profilin-1, but the expression changes were in different directions. This result was unexpected and needs further validation. Pilocarpine affected the expression of MIF and Profilin-1, which was also affected by nicotine. This result suggested that there might be a new target of pilocarpine on endothelial cells. This target might be similar to the non-neuronal nicotinic receptors (Table 6 ).
Confirmation of protein expression differences using Western blotting analysis
To corroborate the expression data derived from proteomic analysis between the control group and the acetylcholine receptor agonist treatment group, Western blotting was conducted against four proteins: Destrin, FKBP1A, MIF, and Profilin-1 ( Figure 3 ). The Western blots showed the same trend as the proteomic analyses did. Regarding the confusing spots, the results showed that nicotine up-regulated Profilin-1 expression in endothelial cells, validating the result of spot 3 (Table 5 ).
Discussion
Cardiovascular disease remains the most common cause of death in the developed world and is predicted to kill ~20 million people worldwide each year until at least 2015 according to the World Health Organization [21] . Endothelial dysfunction Table 3 . List of differentially expressed proteins found in the most significant network 12 h after oxotremorine treatment using Ingenuity Pathway Analysis ( Figure 1B1-1B3) . The proteins were identified by 2-DE and LC-MS. The spots identified by 2-DE are indicated with a corresponding number on the gel (↑, the protein up-regulated; ↓, the protein down-regulated). is responsible for many cardiovascular diseases, such as atherosclerosis, hypertension, and hyperlipidemia [2, 3] . Proteomics technologies are rapidly evolving and provide the opportunity to identify and characterize protein profiles of samples at different time and conditions. Many studies have applied proteomics technologies to endothelial cells to investigate cardiovascular disease. In this study, we investigated the effects of four different types of acetylcholine receptor agonists in endothelial cells by comparing the altered protein profiles between the control group and the treatment group that was treated with acetylcholine, oxotremorine, pilocarpine or nicotine at the pharmacological concentration of 10 μmol/L for 12 h. We identified 16, 9, 8 and 9 protein spots in the groups that were separately treated with acetylcholine, oxotremorine, pilocarpine or nicotine. According to the characteristics of the four types of agonist, we focused our attention on Destrin, FKBP1A, MIF and Profilin-1. Destrin might have a relationship with non-neuronal muscarinic receptor effects; FKBP1A might be related to non-neuronal acetylcholine receptor effects; and MIF and Profilin-1 might be the effectors of nonneuronal nicotinic receptors. Pilocarpine affected the expression of MIF, and Profilin-1 expression patterns suggested that there might be a new target of pilocarpine on endothelial cells and that it might behave similarly to non-neuronal nicotinic receptors.
Spot
Destrin is known to regulate actin dynamics by enhancing the depolymerization of F-actin into G-actin and promoting filament severing [22, 23] . Remodeling of the actin cytoskeleton Table 4 . List of differentially expressed proteins found in the most significant network 12 h after pilocarpine treatment using Ingenuity Pathway Analysis ( Figure 1C1-1C3) . The proteins were identified by 2-DE and LC-MS. The spots identified by 2-DE are indicated with a corresponding number on the gel (↑, the protein up-regulated; ↓, the protein down-regulated). Pro-inflammatory cytokine. Involved in the innate immune response to bacterial pathogens; as mediator in regulating the function of macrophages in host defense. Counteracts the anti-inflammatory activity of glucocorticoids. Serves as a quinone reductase in connection with conjugation reactions of hydroquinons involved in detoxifi ca tion pathways as well as in biosynthetic processes.
Major role in the synthesis of nucleoside triphosphates other than ATP; negatively regulates Rho activity by interacting with AKAP13/LBC; acts as a transcriptional activator of the MYC gene; binds DNA non-specifically. Exhibits histidine protein kinase activity.
Selectively promotes the survival of dopaminergic neurons of the ventral mid-brain; Inhibits cell proliferation and endoplasmic reticulum (ER) stress-induced cell death. Oxidation-reduction process; pyrroline-5-carboxylate reductase activity. Enhances global protein synthesis at both physiological and mild hypothermic temperatures; reduces the relative abundance of microRNAs, when overexpressed. Enhances phosphoryaltion of translation initiation factors and active polysome formation.
Major role in the synthesis of nucleoside triphosphates other than ATP; negatively regulates Rho activity by interacting with AKAP13/LBC; acts as a transcriptional activator of the MYC gene; exhibits histidine protein kinase activity.
Acts as a regulatory subunit of the 26S proteasome which is involved in the ATP-dependent degradation of ubiquitinated proteins. Binds to actin and affects the structure of the cytoskeleton. At high concentrations, profilin prevents the polymerization of actin, whereas it enhances it at low concentrations. By binding to PIP2, it inhibits the formation of IP3 and DG. Higher expression level in adult testis as compared to 6-week-old fetal testis. npg through actin dynamics is essential for numerous basic biological processes, including cell polarization, contractile force generation, cell migration, cell division, endocytosis and exocytosis [24] [25] [26] [27] . In addition to its structural role, the status of the actin cytoskeleton has been shown to affect a diverse array of intracellular signaling processes. Destrin belongs to the actinbinding proteins ADF (actin-depolymerizing factor)/cofilin family, which participate in the actin-dependent vesicular trafficking of postsynaptic receptors [28] . Postsynaptic regulation of receptors by vesicular trafficking is an important basic mechanism of synaptic plasticity, and actin plays a key role in this process. ADF/cofilin-mediated actin dynamics regulate the vesicular trafficking of acetylcholine receptors in space and time and the targeting of acetylcholine receptors to cell surfaces of neonatal postsynaptic sites [29, 30] . Compared with the passive diffusion mechanism, active transport mechanisms play a more important role in the vesicular trafficking of acetylcholine receptors from cluster generation to redistribution to the postsynaptic sites. In this process, ADF/cofilin may be the first to localize in generating sites to regulate the actin cytoskeleton local dynamic positioning and to assist in maintaining vesicle fusion and acetylcholine receptors in recycling. ADF/cofilin can thus more quickly transport cell signals, such as acetylcholine, into cells and play the messenger function, thereby further triggering cell polarization and migration. In this study, we found that acetylcholine and oxotremorine, agonists of non-neuronal muscarinic receptors, affected Destrin expression in endothelial cells. This is the first report that Destrin may have a relationship with non-neuronal muscarinic receptor effectors, which may be helpful in explaining the role of non-neuronal muscarinic receptors in slowing the atherosclerosis progress.
FKBP1A, also known as FKBP12, belongs to the immunophilin protein family, which plays a role in immunoregula- Table 5 . List of differentially expressed proteins found in the most significant network 12 h after nicotine treatment using Ingenuity Pathway Analysis ( Figure 1D1-1D3) . The proteins were identified by 2-DE and LC-MS. The spots identified by 2-DE are indicated with a corresponding number on the gel (↑, the protein up-regulated; ↓, the protein down-regulated). [31] [32] [33] . In endothelial cells, nonneuronal muscarinic receptors are G protein-coupled receptors, which bind extracellular signal molecules of this signaling pathway, activate phospholipase C (PLC-β) on the plasma membrane, cause hydrolysis from 4,5-phosphatidylinositol bisphosphate (PIP2) into 1,4,5-trisphosphate (IP3) and diacylglycerol (DG), and the conversion of extracellular signals into intracellular signals. IP3 binds to the endoplasmic reticulum IP3 ligand-gated calcium channels, which open calcium channels, and causes the increase of intracellular the Ca 2+ level, and regulates the secretion of NO and vascular contraction and relaxation. In the present study, we found that acetylcholine, oxotremorine and nicotine induced expression changes of FKBP1A but pilocarpine did not affect FKBP1A expression. This result suggested that FKBP1A might be related to nonneuronal acetylcholine receptor effectors. Therefore, the nonneuronal acetylcholine system, which can induce calcium release through the IP3 pathway, and further influence the secretion of NO in endothelial cells, might be regulated by FKBP1A.
MIF (Macrophage migration inhibitory factor), encoded by the MIF gene, is a structurally unique cytokine, which is a critical mediator of acute and chronic inflammatory diseases such as atherosclerosis, septic shock, Crohn's disease and rheumatoid arthritis [34] [35] [36] [37] [38] . MIF plays its role in influencing the regulation of macrophages in the host defense function by suppressing the anti-inflammatory effects of glucocorticoids [39] . Contrary to its historically based name, MIF has been recognized to exhibit chemokine-like properties [40, 41] and is corroborated as a non-cognate ligand of the chemokine receptors CXCR2 and CXCR4. MIF is highly expressed in different types of macrophages and endothelial cells in atherosclerotic plaques, which suggests that it is closely associated with atherosclerosis, and functional studies established the contribution of MIF to lesion progression and plaque inflammation [42] . Studies have shown that non-neuronal nicotinic receptors are www.nature.com/aps Zhang YY et al Acta Pharmacologica Sinica npg involved in angiogenesis during many pathological processes such as inflammation, ischemia, cancer and atherosclerosis, so that the protein is very important for the study of endothelial cells non-neuronal nicotinic receptors in inflammation and atherosclerosis. Profilin-1, which belongs to the fiber protein family, is an actin monomer binding protein which is encoded by PFN1 genes. A role for Profilin-1 in promoting actin filament formation has been suggested by several studies in lots of organisms [43] . Overexpression of Profilin-1 in a human endothelial cell line indicate potential roles for Profilin-1 in stabilizing dynamic actin filaments or directing filament assembly [44] , and its silence can inhibit endothelial cell proliferation and migration. Profilin-1 serves as an essential regulator of hypertension and atherosclerosis [45, 46] . In the current study, we found that nicotine, an agonist of non-neuronal nicotinic receptors, induced expression changes of MIF and Profilin-1 in endothelial cells. This suggested that MIF and Profilin-1 might be the effectors of non-neuronal nicotinic receptors. Pilocarpine affected the expression of MIF and Profilin-1, which was also affected by nicotine, suggesting that there might be a new target of pilocarpine on endothelial cells. This target might be similar to non-neuronal nicotinic receptors. Therefore, the MIF and Profilin-1 signaling pathway has a very significant role in the study of the non-neuronal acetylcholine system and the discovery of new drug targets.
In conclusion, we used the 2-DE proteomic approach with highly sensitive mass spectrometry to analyze changes in the protein expression of HUVECs induced by cholinergic agonists. Although it would not be scrupulous to declare that we had characterized all the protein changes after stimulation of NNAs, it was not possible to comment here on all the detected proteins that had remarkable changes. The above examples were sufficient enough to manifest that our experiments revealed some proteins that were directly associated with cell function and the subsequent cellular signal transduction pathway of non-neuronal acetylcholine receptors. It appears that Destrin might be a non-neuronal muscarinic receptors effector; FKBP1A might be an effector of non-neuronal acetylcholine receptors; and MIF and Profilin-1 might be associated with the activation of non-neuronal nicotinic receptors. Pilocarpine regulation of the expression of MIF and Profilin-1 suggested that there might be a new target of pilocarpine on endothelial cells that is similar to non-neuronal nicotinic receptors. Further study should be performed to facilitate understanding of non-neuronal acetylcholine receptors.
Perspectives
The non-neuronal acetylcholine system in endothelial cells plays a physiological/pathophysiological role in regulating endothelial function, vascular tone, angiogenesis, and inflammation. However, the identity of the mediators of intracellular signal transduction in endothelial cells after stimulation of the non-neuronal acetylcholine system remains unclear. In the current study, we analyzed the underlying effectors after cholinergic agonist activation of the non-neuronal acetylcholine system in cultured human umbilical vein endothelial cells.
The identification of the differentially expressed proteins Destrin, FKBP1A, MIF, and Profilin-1 provided new clues toward further study of the influences of non-neuronal acetylcholine system activation on endothelial function in cardiovascular diseases.
